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Hantaviruses form a genus in the family Bunyaviridae. Each hantavirus species is associated predominantly with a single rodent host. Hantaviruses can secondarily infect other mammalian species, such as humans, through accidental inhalation of contaminated rodent excreta. Hantaviruses cause two distinct, severe infections when transmitted to humans: haemorrhagic fever with renal syndrome (HFRS) and hantavirus pulmonary syndrome (HPS). HFRS is caused by Hantaan (HTN) and Dobrava viruses (carried by Apodemus spp.), Seoul (SEO) virus, and Puumala virus (PUU), which is harboured by the bank vole Clethrionomys spp. (reviewed in Yanagihara & Gajdusek, 1988) .
HPS is caused by New World hantaviruses of rodents of the subfamily Sigmodontinae, family Muridae (Childs et al., 1994; Rollin et al., 1995; Song et al., 1994; Hjelle et al., 1994a; Morzunov et al., 1995) . The predominant agent is Four Corners virus (FC; Sin Nombre virus), carried by the deer mouse Peromyscus maniculatus (Childs et al., 1994) . Hantaviruses of P. leucopus (NY; * Author for correspondence. Fax +1 505 277 1950. e-mail bhjelle @medusa.unm.edu
The GenBank accession numbers for the sequences obtained in this study are U19302, Ul9304 and U31529 U31536. Song et al., 1994) and Sigmodon hispidus (Rollin et al., 1995) are also aetiological agents. Two other hantaviruses occur in sigmodontine rodents: E1 Moro Canyon virus (ELMC) and Rio Segundo virus (RIOS) carried by the harvest mice Reithrodontomys megalotis and R. mexicanus, respectively (Hjelle et al., 1994b (Hjelle et al., , 1995 .
Rodents infected with the Prospect Hill virus (PH) were identified in serosurveys of New World specimens (Lee et al., 1982a; Yanagihara & Gajdusek, 1988; Yanagihara, 1990) . PH was isolated from a Microtus pennsylvanicus (meadow vole) from Maryland. PH most closely resembles the other vole-associated hantaviruses, PUU and Tula virus (TUL) (Plyusnin et al., 1994; Xiao et al., 1994) . M. californicus is host to a hantavirus with serological features similar to PH (Yanagihara, 1990) . We show herein that the hantavirus harboured by M. californicus is genetically distinct from PH, TUL and PUU. The M. californicus-associated virus has been given the designation Isla Vista virus (ILV).
Rodents were trapped for hantavirus serological surveys in San Diego (October 1994; February 1995) and Santa Barbara Counties (July 1994; February 1995 puncture or orbital puncture, and carcasses were frozen at -75 °C and thawed as necessary to obtain lung tissue from animals later found to be seropositive. A recombinant Western blot assay and TrpE-FC nucleocapsid fusion protein were used to detect antibodies (Yamada et al., 1995) . Ten microlitres of blood or tissue supernatant (1975 specimens) were used to probe Western blots in a volume of 2 ml, as described (Yamada et al., 1995) .
Lung samples from selected seropositive rodents were used to prepare RNA as described (Hjelle et al., 1994a) . First attempts at RT-PCR used primers that were specific for the FC G1 gene, and further RT-PCR attempts were performed only when FC RNA was not detectable (Hjelle et al., 1994 c) . Nested and hemi-nested RT-PCR were performed as necessary to clone the entire S genomic segment from two seropositive 1994-1995 specimens of M. californicus (ILV/MC47, MC-SB-1) and one P. californicus specimen (PC-SB-77).
S segment amplimers of 208 nucleotides (nt) were obtained from RNA of two 1975 specimens of M. californicus (MC-MO-3136 and MC-MO-3139), and one 1994 specimen of P. californicus (PC-SB-46). M segment (G2 gene) amplimers of 380 nt were also prepared from the ILV/MC47 and ILV/MC-SB-1 specimens. The sequences of the resulting PCR products were used to design primers specific for amplification of 240 nt portions of the M segments of specimens ILV/MC-MO-3139 and PC-SB-77. Sequences of primers used in this study are available on request. The PCR product of the inner amplification reactions was cloned into the T-tailed vector pCR II, and the nucleotide sequence determined. GenBank accession numbers for sequences obtained in this study are U19302, U19304, and U31529 U31536. Phylogenetic tree analyses were performed as described in the legend to Fig. 1 .
S segment sequences with the following GenBank accession numbers were used: HTN 76-118, M14626; SEO SR-11, M34881; PUU Sotkamo, X61035; BAY, L36929; PUU-P360, Ll1347; PH-1, X55128; ELMC RM-97, Ul1427; RIOS RMx-Costa-1, U18100; Tula virus T76, Z30941; FC 3H226, U02474. M segment sequences included HTN 76-118, M 14627; SEO SR-11, M34882; PUU Sotkamo, X61034; PUU P360, L08755; PH PH-1, X55129. Table 1 summarizes the results of hantavirus serological surveys in four counties in California. Two surveys were conducted in San Diego County, and two in Santa Barbara County. Both sites produced seropositive specimens of P. maniculatus and P. californicus, but only the Santa Barbara County sites produced M. californicus specimens.
We were able to amplify FC cDNAs from seropositive P. maniculatus and P. californicus from San Diego County, and P. maniculatus specimens from Santa Barbara County (Hjelle et al., 1994 c) . However, application of FC primers to M. californicus and P. californicus from Santa Barbara did not produce an amplification product. Since previous serological studies had suggested that PH is enzootic in M. californicus (Yanagihara, 1990) , we searched for a PH-like genome in the ILV/MC47 and ILV/MC-SB-1 specimens with primers designed from vole hantavirus genomes. The complete S genomic segments were cloned in three overlapping amplimers. In addition, a 380 nt cDNA from the M segment was also amplified and its sequence determined.
The S genomes of the ILV/MC47 and ILV/MC-SB-1 hantaviruses were 1720 nt in length, 45 nt longer than that of PH. The two ILV S segment sequences differed by < 2 %. An open reading frame of 1299 nt, beginning at position 43, encoded a 433 amino acid (aa) nucleocapsid (N) protein. The N proteins of both ILV and PH are the same length as that of PUU, and longer than that of TUL (430 aa). The 3' untranslated region of the ILV S segment is poorly conserved with that of PH-1~ but both 3' untranslated regions are AT-rich and contain nu- merous imprecise repeats. The S segment sequences of ILV are most similar to that of PH (Table 2) .
A second, shorter S segment ORF is found in all of the hantaviruses of microtine and sigmondontine rodents. This reading frame could specify a poorly conserved and hypothetical nonstructural protein (NSx). The predicted NSx protein of ILV is of the same length (90 aa) as those of PH, TUL and PUU. The amino acid sequence of the ILV/MC47 NSx open reading frame differs from that of PH-I by 51%.
A region of 337 nt (internal to the PCR primers) of the G2 gene of the ILV/MC47 hantavirus was also compared with previously described hantaviruses. The relationships among the G2 genes paralleled those of the nucleocapsid genes, although separated by somewhat larger distances. The genetic and predicted protein similarities between ILV and PH-1 are considerably lower than that expected from geographical genetic variants within a given serotype (Xiao et al., 1994) . In phylogenetic analyses, the ILV sequences form an ingroup with PH, and more distant relationships to PUU and TUL (Fig. 1) . The S segment and M segment trees are approximately congruent.
The identification of a distinctive PH-like hantavirus in two M. californicus specimens led us to investigate the specificity of its association with M. californicus. We studied 30 banked 1975 tissue specimens (Table 1) . Three Monterey County specimens were seropositive. S segment cDNAs of 208 nt were amplified from two of the three specimens. The 1975 sequences were identical, and shared 94% (nt) and 100% (aa) identity with ILV/MC47. A 240 nt portion of the M segment was successfully amplified from one 1975 specimen, and was found to be 89% identical to ILV/MC47, with one amino acid substitution out of 62 (valine for isoleucine). We then re-examined two seropositive Santa Barbara P. californicus (PC-SB-46 and PC-SB-77) that were PCRnegative with primers optimized for FC. An S genome product was produced from both when ILV-based primers were used. The P. californicus virus sequences differed from ILV/MC47 by < 2%; the S segment of ILV/PC-SB-77 measured 1721 nt instead of 1720 nt for the corresponding M. californicus sequences. One of the two (PC-SB-77) produced an amplification product with ILV-based M segment primers. The sequence was closely related to ILV/MC47. Unlike P. californicus, seropositive Santa Barbara P. maniculatus specimens produced a typical FC amplification product when examined, as did P. californicus and P. maniculatus specimens from San Diego County (Table 1) .
Little is known about the genetic variation of PH within its native host, but viruses isolated from geographically separated (Maryland and Wisconsin) specimens of M. pennsylvanicus are > 99 % identical genetically (Burek et al., 1994; Xiao et al., 1994) . Several other microtine species occur in North America. M. californicus is a known hantavirus host, but no attempts had been made to genetically characterize or isolate the M.
californicus-associated hantavirus (Lee et al., 1982a ; see review by Yanagihara, 1990) .
Among FC-complex and harvest mouse hantaviruses, there is conservation of protein sequence across large geographical distances, but less conservation between viruses of allopatric host species. Within P. maniculatus, FC nucleocapsid proteins differ by < 3 %, even when separated by 2500km or more (Hjelle et al., 1995) . However, in P. leucopus captured outside of the range of P. maniculatus, FC-complex viruses undergo more substantial genetic divergence from western FCs (Song et al., 1994) . A clear differentiation is also noted in ELMCcomplex hantaviruses of allopatric harvest mice (Hjelle et al., 1995) . (Maddison & Maddison, 1992) . The MULPARS option of PAUP 3.1.1 (Swofford, 1991) was used to generate this minimal length tree from 1287 total sites, of which 762 sites displayed variation. Each tree shown was the only tree generated. Approximate genetic distances are indicated by the scale bar. Vertical distances are for clarity only. The G2 gene tree is based upon a 337 nt sequence (305 variable residues) beginning at PH-1 M segment coordinate 2665. Numbers at each node represent bootstrap probabilities (expressed as a percentage) in 500 replicates. divergent PH-complex hantaviruses. The nucleotide sequences of ILV support that inference. The large genetic and protein differences between ILV and PH lead us to the belief that ILV is a distinct hantavirus species. The 15 % prevalence of ILV among M. californicus animals collected 20 years apart suggests that M. californicus is the predominant rodent host for ILV. The genetic stability of ILV over that time suggests a longstanding evolutionary adaption of ILV for California voles. Previous studies at four sites between 1975 and 1983 showed prevalences of a PH-like virus of 6 to 21% in M. californicus (reviewed in Yanagihara, 1990) .
The California mouse Peromyscus californicus is the largest North American deer mouse. Previous surveys have failed to demonstrate evidence for hantavirus infection in this species (Tsai et al., 1985) . In Orange County, California, none of 60 animals studied from 1994-1995 was seropositive (J. Webb, B. Anderson & B. L. Hjelle, unpublished data). We show that P. californicus can harbour FC in some settings, and ILV in others. For P. californicus specimens harbouring ILV, amplification of the ILV genome was difficult, especially using M segment primers. This could reflect lower replicative capacity of hantaviruses in secondary hosts, as has been noted previously in experimental hantavirus infections (Lee et al., 1982b; Kawamura et al., 1991) .
